Abstract
Introduction
This paper analysed energy choice behaviour of South Lunzu Township in Blantyre city, Malawi. The current economic growth and development agenda has recognised the risk of climate change problems emanating from green house gas emission due to, among other things, consumption of inefficient energy facilities (Kambewa & Chiwaula, 2010 ; Government of Malawi (GOM), 2006). Sustainable development is essential for future generations to benefit from the resource base without making them worse-off. The state of energy deprivation in Malawi is appalling and the rate at which fuel wood is depended upon for household energy needs is a cause for alarm. There is need for strategies to be identified where sustainable energy resources can be made available to people. In this way, green growth will be achievable together with many other Millennium Development Goals.
There are hypotheses generally regarded by government institutions which inform current energy policy. For instance, renewable energy technologies are believed to be specifically designed for rural energy electrification programmes (GOM, 2006) ; yet the ability to pay for the resources is lower among rural poor compared to urban poor communities. This research is important therefore in that it will identify strategies that if followed will encourage the use of sustainable energy resources in urban societies too leading to reduced emission of green house gases. The theories of consumer behaviour in microeconomics suggest that man as a social animal is rational whenever choices are presented. For energy, rationality implies that resources deemed superior in providing more energy at an affordable price should be preferred. According to Bhattacharya (2011) the microeconomic basis for consumer energy demand relies on consumers' utility maximization principles which assume that; consumers know their preference sets and ordering of the preferences; preference ordering can be represented by some utility function and the consumer is rational in that she will always choose a most preferred bundle from the set of feasible alternatives.
Following consumer theory, it is considered that an incremental increase in consumption of a good, keeping consumption of other goods constant, increases the satisfaction level but this marginal utility (or increment) decreases as the quantity of consumption increases. Moreover, maximum utility achievable given the prices and income requires marginal rate of substitution to be equal to the economic rate of substitution. This in turn requires that the marginal utility per dollar paid for each good be the same. If the marginal utility per dollar is greater for good A than for good B, then transferring a dollar of expenditure from B to A will increase the total utility for the same expenditure. It follows that reduction in the relative price of good A will tend to increase the demand for good A and vice versa (Mills & Toke, 1985; Batchaya, 2011; Train, 2009; Cameron & Trivedi, 2005) . This paper examined consumer behaviour regarding decision making process for choice of energy facilities for cooking. A Multinomial Logit Model (MNL) was employed and interpretation based on statistical inference, marginal effects and elasticities calculated for each one of the seven outcomes available to the respondents.
Literature Review and Research Method

Research Area and Data Collection
Random sampling was used to collect survey data in Blantyre City's high density area of South Lunzu Township (SLT), which lies to the east of Ndirande Mountain. SLT has twelve sectors each with about 500 households. Among the twelve sectors, data was collected in areas Five, Six, Seven, Eight and Ten. Households were chosen at random and, in total, the survey collected data through questionnaires administered to 318 heads of household and their spouses. Stratified random sampling was used to choose households from where respondents were drawn. Each enumerator was assigned a block from where every 5 th household was visited. If a head of household was not available, the spouse or partner was requested to respond to the questions. Where neither of them was available, the immediate household was visited instead and the counting resumed. A semi-structured questionnaire was designed and given to the enumerators to be used for information collection. The questionnaire contained questions regarding demographics (age, sex, and household size), socioeconomic aspects (employment, education, knowledge) and energy use.
Discrete Choice Models
According to Train (2009) , discrete choice models describe decision makers' choices among alternatives. The decision makers can be people, households, firms or any other decision-making unit, and the alternatives might represent competing products, courses of action, or any other options or items over which choices must be made. To fit within a discrete choice framework, the set of alternatives, called the choice set, need to exhibit three characteristics. First, the alternatives must be mutually exclusive from the decision maker's perspective. Choosing one alternative necessarily implies not choosing any of the other alternatives (Train, 2009; Cameron & Trivedi, 2005) . The decision maker chooses only one alternative from the choice set. Second, the choice set must be exhaustive, in that all possible alternatives are included. The decision maker necessarily chooses one of the alternatives. Third, the number of alternatives must be finite. The researcher can count the alternatives and eventually come to an end of counting. Where the options are not both exhaustive and finite the researcher can find a way of grouping those not observable as 'other' there by creating another alternative.
Discrete choice models are usually derived under an assumption of utility-maximizing behaviour by the decision maker (Train, 2009; Cameron and Trivedi, 2005; Deaton, 1997) . Thurstone (1927) originally developed the concepts in terms of psychological stimuli, leading to a binary probit model of whether respondents can differentiate the level of stimulus. Marschak (1960) interpreted the stimuli as utility and provided a derivation from utility maximization. Following Marschak, models that can be derived in this way are called Random Utility Models (RUMs). It is important to note, however, that models derived from utility maximization can also be used to represent decision making that does not entail utility maximization. The derivation assures that the model is consistent with utility maximization; it does not preclude the model from being consistent with certain forms of behaviour. The models can also be seen as simply describing the relation of explanatory variables to the outcome of a choice, without reference to exactly how the choice is made.
RUMs are an alternative of index function models (Green 2003) . Following Train (2009:19) and Green (2003) Random utility models (RUMs) are derived as follows. A decision maker, labelled , faces a choice among alternatives. The decision maker would obtain a certain level of utility (or pro t if it is a firm) from each alternative. The utility that decision maker obtains from alternative is This utility is known to the decision maker but not by the researcher. Implementing the assumption that consumers are rational, the decision maker chooses the alternative that provides the greatest utility. The behavioural model is therefore: choose alternative if and only if . The researcher observes some attributes of the alternatives as faced by the decision maker, labelled , and some attributes of the decision maker, labelled , and can specify a function that relates these observed factors to the decision maker's utility. The function is denoted and is often called representative utility. Usually, depends on parameters that are unknown to the researcher and therefore estimated statistically. Since there are aspects of utility that the researcher does not or cannot observe, . Utility is decomposed as ; where captures the factors that affect utility but are not included in . This Decomposition is fully general, since is de ned as simply the difference between true utility and the part of utility that the researcher captures in . Given its de nition, the characteristics of , such as its distribution, depend critically on the researcher's speci cation of . In particular, is not de ned for a choice situation per se. Rather; it is de ned relative to a researcher's representation of that choice situation. This distinction becomes relevant when evaluating the appropriateness of various specific discrete choice models.
Multinomial logit models
A researcher can adopt a particular specification of a discrete choice model depending on the assumptions that are advanced for the relationship. In the present case, there is a consumer basket of energy commodities which households have been observed to use. Using both stated and revealed preference experiments, the study should have adopted the Multinomial Logit (MNL) Model which is very popular in the studies of more than two alternatives from where an economic agent is expected to choose. However, there are challenges with the MNL especially regarding the assumptions that underlie it. Consequently, the Random Parameters Model (Mixed Logit Model) is adopted for its flexibility. The Multinormial logit model is applicable where more than two alternatives are considered from where a decision maker is expected to choose.
As suggested by Luce (1959) the MNL model can be specified as:
( 1) Because , a restriction is needed to ensure model identi cation and the usual restriction is that 1= 0 (Cameron and Trivedi, 2005) . The household head as a decision maker has the knowledge of the value of his/her own and 's for all and chooses alternative if and only if .
The researcher observes 's but not or the 's.
Results of the multinomial logit model
Results of the multinomial logistic model (MNL) are reported as a split table labelled1 through 6 because included in one; the table could have been long and difficult to read. Table 1 gives the part of the results for the outcome 'Electricity' compared to the base outcome which was automatically chosen by Stata to be Electricity and charcoal. Outcome 'Electricity and Charcoal' was a preferred option for cooking needs for over 42 percent of the households and therefore it was chosen as the base category to which the other six categories were compared. The coefficients were reported as Relative Risk Ratio rather than simple coefficients for a more meaningful interpretation since discrete choice models are more concerned with predictions and estimations of probabilities that one event occurs on condition of the other (Cameron and Trivedi, 2005) . According to Green (2003) and Cameron and Trivedi (2005) , the relative risk ratio is the ratio of the probability of choosing one cooking energy outcome category over the probability of choosing the baseline category. The RRR is also known as the Odds ratio in binary models such as logistic or logit. Since the MNL is a series of equations, exponentiating the linear equations which is the same as calculating the exponential of the coefficient gives the relative risk ratio of obtaining a unit change in the independent variable. Similar studies that employed MNL include Pundo and Fraser (2006) who employed a multinomial logit model to investigate the factors that determine household cooking fuel choice between firewood, charcoal, and kerosene in Kisumu, Kenya. Their empirical results indicated that level of education of wife, the level of education of husband, type of food mostly cooked, whether or not the household owns the dwelling unit, and whether or not the dwelling unit is traditional or modern type are important factors that determine household cooking fuel choice. The present study goes further to include not three but seven possible cooking outcomes and the household characteristics were also increased. Where , **, and *** imply statistical significance at the 1 percent, 5 percent and 10 percent level.
MNL results focusing on outcome electricity
As table 1 show, the relative risk ratio for one unit increase in the variable income was 1.00002 for choosing electricity as a cooking energy facility compared to a combination of firewood and charcoal. This relationship was statistically significant at the 5 percent level to reject the hypothesis that income is not an important factor influencing choice of electricity for cooking in the household. The results also show that the probability of electricity being chosen as a cooking energy facility rises with increases in income levels. In terms of elasticity, a 1 percentage increase in income has the expectation of increasing the probability of household using electricity by 0.3 percent. This is an inelastic relationship although it was statistically significant at the 10 percent level.
A 1 percentage increase in the size of the dwelling unit (home size) also had a potential of increasing the probability of household using electricity for its cooking needs compared to a combination of firewood and charcoal by 0.70. Again the relationship was inelastic but statistically significant at the 5 percent level. The RRR was also in the favour of the use of electricity with increases in dwelling unit. This was expected since ceteris puribus, large houses are owned or occupied by relatively higher earning individuals who demand electricity as a normal commodity compared to the inefficient fuel wood. Although statistically insignificant, household size also shows to have a positive relationship with choice of cooking facility as electricity compared to electricity and charcoal together. The probability that a household that was larger would opt for electricity as its cooking energy facility was expected to be higher compared to smaller sized households. The relative risk ratio of choosing electricity over firewood and charcoal combined for cooking needs was 0.264390 for variable poor and it was statistically insignificant to reject the hypothesis that the perception of wellbeing influences the choice of electricity over firewood and charcoal combined in South Lunzu Township. This does not come as a surprise since the supply side of electricity in Malawi is more irregular than normal. Table 8 .2 presents results of the multinomial logit model focusing on LP gas. It should be pointed out that this table should be read together with the other tables from 9.1 to 9.6 as they are essentially the same table split to fit in the pages. As table 2 shows all the predictors apart from expenditure on food were statistically not important in influencing the choice for LP Gas over the combination of outcome 'Firewood and Charcoal. The relative risk ratio (RRR) however was in favour of income, household size, home size and WTP for a clean environment. Where *, **, and *** imply statistical significance at the 1 percent, 5 percent and 10 percent level.
MNL results focusing on outcome liquefied petroleum gas
Although not statistically significant the above 1 RRR indicates that for an increase in these variables, there is an expectation that LP Gas will be preferred to a combination of firewood and charcoal. These results are in agreement with studies by Onoja and Idoko (2012) and Cayla et al (2011) where the demand for LP Gas was found to respond positively to changes in income.
MNL results focusing on outcome Solar
For outcome 'solar' as an energy facility for cooking, the results are as shown in table 3. The RRR for variable 'Income' was 0.9999 and it was not statistically significant. The less than 1 RRR however seem to suggest that increases in income have an expected outcome of reducing the probability that a household chooses solar as an energy facility for cooking needs. Solar energy in this case is regarded as a commodity for the poor and uncivilised households. As a matter of prestige, the use of solar power is expected to be associated with those in lower income brackets. It was interesting to note that all the variables were not statistically significant to reject the hypothesis that they were not important in determining the probability that a household chooses solar for its cooking needs over firewood and charcoal combined. Source: Where *, **, and *** imply statistical significance at the 1%, 5% and 10%.
MNL results focusing on outcome Charcoal
The results for outcome charcoal confirm that in South Lunzu Township charcoal is regarded as a higher and better energy commodity compared to a combination of charcoal and firewood. The RRR of greater than 1.0 suggests that an increase in income also increases the probability of a household opting for charcoal only for cooking needs compared to a combination of charcoal and firewood. This relationship however was statistically insignificant to reject the null hypothesis that income does not have any influence on the choice of charcoal as a cooking energy facility. Source: Where *, **, and *** stand for statistical significance at the 1%, 5% and 10%.
On the other hand, size of dwelling unit was statistically significant at the 5 percent level to reject the null hypothesis that size of house influence consumers to choose charcoal for cooking energy provision over firewood and charcoal combined. An environmentally important result is where willingness-to-pay for a smoke free environment had a strong influence on the choice of charcoal as opposed to firewood and charcoal combined with a RRR of above one but rather weaker. This suggests that those who had a higher WTP for a smoke free environment had the higher probability of using charcoal compared to a combination of charcoal and firewood for cooking purposes. The remaining variables namely age of head of household, expenditure on food, and WTP for a cleaner environment had weaker influence on the choice of charcoal as a cooking facility.
MNL results focusing on outcome Firewood
Results for outcome 'firewood' are shown in table 8.5. The rest of the variables apart from age of the head of household were statistically insignificant in influencing the probability that firewood was the outcome of choice compared to the base outcome of 'Firewood and Charcoal' combined. Older heads of household were likely to choose firewood as an energy resource for their household compared to younger heads of household. The RRR for variables household size, poor, and age were above 1. For poor, it means that the probability of the head of household choosing firewood as an energy resource was higher the more they considered themselves poor. The weak and statistically insignificant RRR for income suggests that heads of household with higher income levels were less likely to consider firewood as their energy resource compared to the base outcome of Firewood and Charcoal combined. Where *, **, and *** stand for statistical significance at the 1%, 5% and 10% level. A RRR of less than 1 for home size also suggest that the larger the size of the dwelling unit the less likely the head of the household could be expected to choose firewood as an energy resource compared to Firewood and Charcoal combined. Higher expenditures on food were also likely to be associated with lower probabilities of choosing firewood for an energy resource by the head of household.
MNL results focusing on outcome 'Electricity, Charcoal and Wood'
A combination of electricity, charcoal and firewood was considered because as literature suggests, the unreliability of present energy commodities such as increasing load shedding influences economic agents to consider a mixture of efficient and inefficient facilities. This is called fuel stacking in the literature (Rajmohan and Weerahewa, 2007) . In table 6, the results suggest that there is a positive expectation that the increase in income increases the probability that the choice of electricity, charcoal and firewood will be opted over the combination of firewood and charcoal only. Where *, **, and *** stand for statistical significance at the 1%, 5% and 10% level of test.
The results show that the higher the level of income the higher this probability. Statistically it shows that this probability was strong at the 1 percent level of significance to reject the null hypothesis that income has no influence in fuel/energy stacking at the household level in South Lunzu Township. Expenditure on food was also statistically significant to suggest that it has a strong influence on the probability that a combination of electricity, charcoal and firewood is chosen for purposes of cooking over a combination of just two facilities namely charcoal and firewood. The size of dwelling unit was also statistically significant to suggest that the probability of a household to opt for a fuel mix of the three facilities was higher with every increase in the size of the house. The RRR was also relatively larger at 1.02. Table 7 is a summary of marginal effects reported both as marginal and elasticities. According to StataCorp LP (2011), the marginal effects and elasticities are calculated at the mean point for each variable for each outcome. The elasticities for each outcome are interpreted in for purposes of this study because they are easier to understand than the marginal and the coefficients. In table 7, dy/dx represents a marginal effect and ey/ex represents point elasticities. For outcome 'electricity' the variables income, home size, willingness-to-pay for a smoke free environment, Age of the head of household and expenditure on food had a positive elasticity. However, only age of the head of the household was elastic with an elasticity of 2.7 implying that a 1 unit increase in age was expected to increase the probability of electricity being chosen as a cooking facility by more than twice. For the other variables, the expected probability of choosing electricity as a cooking variable due to a change in say income, home size, willingness-to-pay for a smoke free environment, and expenditure on food was expected to increase less than the increase in the variable itself. Willingnessto-pay for a clean environment had a negative elasticity which was also inelastic. Income was positive but again inelastic for outcome LP Gas implying that a one unit increase in income was expected to increase the probability that a household chooses LP Gas for their cooking needs over the base category of 'electricity and wood' combined. A similar result is observed for variable home size and willingness-to-pay-for-cleanenvironment. An elastic relationship is observed for the perception of well being at the household level. Where a household perceives itself to be poor, the probability that LP Gas will be substituted for 'electricity and wood' was expected to rise by 7 fold. Poor the mindset in this case is important to be addressed. People who believe to be poor regard LP gas as a luxury which can be easily substituted by a combination of electricity and wood.
Analysis of elasticities from the multinomial logit
WTP for a smoke free environment was also elastic at -1.1 implying that a one unit increase in the WTP for a smoke free environment was expected to lower the probability of LP Gas being chosen as a cooking energy facility over the base outcome by more than a unit. Further, expenditure on food was positively elastic at 1.1 implying that for every one unit increase in expenditure for food, the probability of choosing LP Gas as a cooking facility was expected to increase by more than a unit. In addition, household size was also elastic with an elasticity of 1.4 suggesting that every additional family member had the chance of increasing the probability of LP Gas being chosen for purposes of cooking by more than a unit.
For some of the variables, outcome 'solar' behaved as a luxury commodity considering the high level of elasticity observed for some of the variables. For instance, home size was negatively elastic at -3.22 suggesting that a unit increase in the size of the household could reduce the probability of the household choosing solar as a cooking energy facility by three fold. In addition, the perception of wellbeing was very elastic with an elasticity of 9.1 and so was age of the head of household with an elasticity of 2.2. The other variables namely expenditure on food, willingness to pay for a clean environment, willingness to pay for a smoke free environment, household size and income were inelastic although with a positive sign apart from income. The negative elasticity for income implies that solar is regarded as an inferior commodity whose demand is expected to be lower with increases in income although not significantly.
None of the variables were elastic regarding the outcome 'charcoal'. Negative elasticities were reported for size of dwelling unit, perception on wellbeing, willingness-to-pay for a clean environment, willingness-to-pay for a smoke free environment, age of household and expenditure on food. A one unit increase in these variables lowers the probability of charcoal being chosen as an energy facility for cooking by less than a unit and therefore increasing the probability that the base outcome facility is opted. Apart from age of the head of household, all the other variables were inelastic for outcome 'firewood'. The elasticity of variable Age on outcome 'firewood' was 1.5 meaning that a one unit increase in the age of the head of household increases the probability of firewood being the preferred source of energy for cooking needs at the household as opposed to outcome 'electricity and wood' combined.
The inelastic relationship between the base outcome on the one hand and household size and perception of wellbeing on the other was negative. It was also negative for expenditure on food, willingness-to-pay for smoke free environment, willingness-to-pay for a clean environment, income and home size. All the variables were inelastic for the outcome 'electricity, charcoal and firewood' combined compared to the base outcome of 'electricity and charcoal'. It was also interesting to note that apart from household size and perception on well being, the other variables had a positive elasticity. For instance, a one unit increase in income was expected to lead to a ,less than unit increase in the probability that outcome 'electricity-charcoal-wood' was chosen compared to the base outcome of 'electricity and charcoal'. The next section is a summary of predicted probabilities of choosing each one of the outcomes based on the MNL model. The model was validated by testing whether the coefficients of the variables were different from zero. The alternative hypothesis therefore is that the coefficients or parameters were not statistically equal to zero. The statistic used in the literature is the Likelihood ratio test which measures the lambda given by a Chi-square of the form:
, The results show a Chi-Square statistic of 80.81 with 48 degrees of freedom lost. The p-value was 0.0021 which suggests that at the 1 percent level of statistical significance, the null hypothesis is rejected and the alternative hypothesis that the parameters were not statistically equal to zero is accepted.
Conclusion
Behavioural economics argues that human beings are social animals that are rational in that more of a good is preferred than less. This principle is limited when the energy sector in developing countries is considered. For Malawi where energy poverty is rampant, quantity of the commodity is not enough. Quality of the commodity that supplies energy matters as well. There are many options from which consumers can choose energy products to use for their household needs. The list includes firewood, charcoal, paraffin, briquettes, agricultural residues, electricity, solar power, wind energy, liquefied Petroleum gas. A combination of the resources was more common in South Lunzu Township compared to a reliance of pone particular energy resource. According to the results of the Multinomial Logit of energy choice behaviour of residents of South Lunzu Township, the income of the head of household, age, home size and expenditure on food were important factors that affected the probability that electricity was chosen as an energy resource for the household. Outcome 'electricity' the variables income, home size, willingness-to-pay for a smoke free environment, Age of the head of household and expenditure on food had a positive elasticity. However, only age of the head of the household was elastic with an elasticity of 2.7 implying that a 1 unit increase in age was expected to increase the probability of electricity being chosen as a cooking facility by more than twice. For the other variables, the expected probability of choosing electricity as a cooking variable due to a change in say income, home size, willingness-to-pay for a smoke free environment, and expenditure on food was expected to increase less than the increase in the variable itself. Willingness-to-pay for a clean environment had a negative elasticity which was also inelastic.
In conclusion, this chapter paid special attention to the analysis of energy demand choices in the face of several options. Multinomial logit model was employed to the cross section data and the results show that in general, there was a greater probability for firewood and charcoal to be used at the household level given the other outcomes of energy. There were other variables which were inelastic to some of the outcomes. The next chapter finalises this report by providing discussion, conclusion and policy recommendations/implications emanating from the results of the study.
